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I. Introduction
The observation of antiprotons produced in high-energy nucleonnucleon collisions led us to believe that antineutrons are also created in such processes by charge exchange.
This process has been recently observed 2 by Cork, Lambertson, Piccioni, and Wenzel.
The antineutron, like the neutron, is electrically neutral, but it has a magnetic moment that is parallel to its spin angular momentum, in contrast to the neutron, for which these two vectors are antiparallel. Because the antineutron has zero charge, a mass spectrograph similar to that employed in identifying the antiproton 3
could not be used to observe the antineutron.
Antineutrons are able to annihilate in ordinary matter with the subsequent release of 2 Bev of energy. We have utilized this property, which is characteristic of antinucleons, to detect the antineutron. For this purpose a counter was constructed in which the annihilation process could he detected, This counter was constructed to satisfy two requirements: first, a large fraction of the 2 Bev of energy released upon antinucleon annihilation must be spent within the counter without any appreciable fraction escaping through the sides; secondly, the response of the counter should be a monotonic function of the energy deposited in it. Antineutrons produced directly by nucleon-nucleon collisions are difficult to detect by this method because
This work was performed under the auspices of the U. S. Atomic Energy C ommis sion, 'Chamberlain, Segr'e, Wiegand, and Ypsilantis -Nature 177, 11 (1956) .
2 Cork, Lambertson, Piccioni, and Wenzel, Phys. Rev. 104, 1193 (1956) .
3 Chamberlain, Segr, Wiegand, and Ypsilantis, Phys. Rev, 100, 947 (1955) , of the presence of a background of very-high--energy neutrons that can deposit energies in the counter that are comparable to the annihilation energy. We therefore sought an alternative method for production of these particles. In analogy to the observed n-p charge-exchange scattering, it * is reasonable to expect that antiprotons also are capable of undergoing an exchange process with protons of ordinary matter, thereby producing a neutron-antineutron pair.
We have utilized this method of production to observe antineutrons produced by 1080-Mev/c antiprotons incident on Pb, C, and CH 2 targets. Charge-exchange cross sections for these materials have been caiculatedfrom the experimental data on the assumption that the attenuation of antineutrons is identical to that of antiprotons.
II. Experimental Procedure
A well-defined beam of 1080_Mev/c negatively charged particles, containing antiprotons and lighter particle s(rnostly 'ir mesons) in the ratio of 1:30, 000 was incident upon the antineutron production-detection system shown in Fig. 1 . Approximately 10 antiprotons per minute entered this system through the 4-inch-diameter scintillation counter, Si. The antiprotons were identified by a system of analyzing magnets and counters described in the preceding article.
The counter Si was the last.counter of the antiproton-identifying system. Counter C* was a Cerenkov counter filled with methyl alcohol and slotted as shown to accommodate various targets. It was the purpose of this counter to distinguishbetween inelastic events in the target involving the emission of charged particles with I >0.75 and all other processes. The particles registering in this counter were predominately fast charged pions arising from annihilations in the target or in the methyl alcohol of the counter, Counter C* has been described in the preceding paper. S4 and S5 4See preceding article, "Antiproton Interactions in Complex Nuclei. The function of 0* was to detect fast charged pions produced in the annihilation of an antiproton in the target, but there is a small probability that the fast pions produced in the annihilation are all neutral, in which case the Cerenkov counter 0* may not register a pulse. The gamma rays resulting from these neutral pions could simulate antineutrons by giving rise to large pulses in D without being detected by the guard counters. Itwas the purpose of the 1.5 inches of lead between counters S4 and S5 to convert these gamma rays. In the first run with the CH 2 target, Counter 0* was connected in anticoincidence with the others in such a way that an antineutron was defined by a signal from Si indicating the incidence of an antiproton on the target followed by ST, and a large pulse in D. We found that the TJCRL-3883 information given by C* was redundant because whenever , 95 occurred in coincidence with a large pulse in D there was no pulse in C*. It was then decided to remove the Cerenkov counter C* for the subsequent runs on carbon and lead.
The pulses from all counters were displayed on a four-sweep oscilloscope and recorded photographically. The oscilloscope was triggered each time an antiproton passed through counter Si into the system shown in 
III. Experimental Results
Antineutrons that are produced by charge exchange and are projected forward so as to enter D must be characterized by C* (when Counter C* is present), and . All events satisfying this condition are recorded in In Table I The values for these cross sections are given in the preceding two papers. Table I . Summary of experimental results, 1(p) is the total number of incident antiprotons, I(rr) is the observed number of antineutrons, and T_.is the average antiproton energy in the target; Uc is the c1arge-exchange cross section per molecule for production of an antineutron into a solid angle of 0.275 steradian in the forward direction.
Target
Thickness The CH 2 target was used together with the Cerenkov counter C*, which contained 11.07 g/cm 2 of methyl alcohol, CH 3 OH. We have considered the oxygen atom in the alcohol molecule equivalent to a carbon atom, in the production of antineutrons. Because it appears that the charge-.exchange cross section does not vary rapidly with Z, this step is justified. This assumption leads to the effective CH 2 target thickness given in Table I, A value for a ( + p -j + n) can be obtained from the CH 2 and C data by subtraction. We find a(+ p ff+ n) =(3.0 ± 1.6)x 10 27 cm 2 for antineutron production by protons into a solid angle of 0,275 steradian
• in the forward direction. This value corresponds to a differential cross section of (10.9 ± 5.8) x 10 27 cm 2/steradian averaged over a cone of halfangle 17 0 in the forward direction.
The charge-exchange cross section for carbon given above should be compared with the estimate of 8 x 10 27 cm 2 given by Cork, Lambertson,
•Piccioni, and Wenzel 3 for charge exchange into a comparable solid angle.
UCRL-3883 IV, Discussion
The experimental results show that the charge-exchange cross sections for lead, carbon, and hydrogen are the same within statistical limits. This indicates that the effective charge-exchange cross section per proton of the target nucleus decreases rapidly with increasing Z. Much of this effect can be attributed to the large nucleon-antinucleonannihilation cross section. In
• the first place this large cross section prevents antiprotons from penetrating into the nucleus, thus leaving only the hemispherical surface of the nucleus, which the beam strikes first, effective in producing antineutrons. Secondly, most of the antineutrons that are produced in the forward direction at this surface are swallowed up before they can escape from the nucleus. We may therefore expect that observable antineutrons are produced only when the incident antiprotons make a grazing collision with the nucleus. Neutronantiproton collisions are less likely to give rise to antineutrons than protonantiproton collisions because the emission of an antine.utron in a pn collision requires the formation of at least one negative pion, which is energetically unfavorable and probably competes poorly with annihilation. These circumstances add two reasons for depressing charge exchange further in heavy nuclei.: the ratio N/Z is higher in heavy nuclei than in light nuclei, and there is reason to believe that there are more neutrons than protons near the surface of these nuclei. 5,6 .
If we assume that the angular distribution of the p charge-exchange cross section is the same as that for the n-p exchange process, we find that approximately 40% of the charge-exchange antineutrons were produced into the solid angle defined by Counter D. This comparison also leads to an estimate of the p± p -E + n differential cross section at 00 in the lab system of 38 ± ZO mb, which is to be compared with a value of 54 mb at the same lab angle for the p-n charge-exchange cross section at 400 Mev.
5 R. C, P. Voss and R. Wilson, Phys. Rev, 99, 1056 (1955 .
6 Miyatake and C. Goodman, Phys. Re. 99, 1040 Re. 99, (1955 .
• 0.
7 Hartzler, Siegel, and Opit, Phys. Rev, 95, 591 (1954) .
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Charge independence requires that the following inequality be satisfied:
wheie k is the wave number of the incident antiproton in the laboratory system. If we assume the value for the charge-exchange cross section at 00 stated above, then the difference between the total antiproton-proton and the antiproton-neutron cross sections at 440 Mev must'be less than 50mb. The -p and v-n cross sections quoted in the preceding paper are consistent with this prediction.
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